By substituting equation (S-5) into equation (S-3), we obtain
Thus, when the spins at ! → ∞ point towards the +z direction while the spin at ! = 0 points towards the -z direction, cos ! ! ! = 2, resulting in the negative skyrmion number Q = -1. In the same way, when the spins at ! → ∞ point towards the -z direction while the spin at ! = 0 points towards the +z direction, cos ! ! ! = −2, resulting in the positive skyrmion number Q = +1. Note that the direction of the spins at ! → ∞ is given by the direction of the applied magnetic field, and thus the skyrmion number reverses sign when the field is reversed and the sign of the topological charge is opposite to the sign of the applied magnetic field in the +z direction. Furthermore note that this definition is independent of the size of the skyrmion.
Part 2: Dissipative force tensor and its dependence on skyrmion size
In the modified Thiele equation, equation (1) of the main text, the dissipative force term is given as where P and ! !" represent the position and width of the domain wall, respectively. ! is the radial distance from the skyrmion core to the point r. Solving the integral of
where d is the diameter of the Néel skyrmion that is defined as the diameter of the circle where m z = 0. The domain wall width ! !" = !/! !"" ≈ 21 nm is estimated based on the exchange stiffness ! = 10×10 -12 J m -1 , while the effective magnetic perpendicular anisotropy ! !"" = 2.3×10 4 J m -3 (µ 0 H eff = 70 mT) is determined by measuring the inplane hard axis hysteresis loop.
Fig. S1. Dependence of the dissipative tensor (!) on the diameter (d) of skyrmion.
Calculation of ! by considering a fixed domain wall width (! !" ≈ 21 nm) and P = d/2
shown is the dependence of ! on the size of the skyrmion. The inset shows the exemplary spin profile (! ! ) when the diameter d of skyrmion equals 100 nm.
Part 3: Evolution of topological charge on the profile of skyrmion spin texture.
In the following, we will discuss two different types of spin profile to discuss the independence of topological charge on the detailed skyrmion spin textures. The first one is the so-called "skyrmion bubble" stabilized by the chiral interfacial Dzyaloshinskii-Moriya interaction (DMI) term in the presence of additional dipole interaction. It exhibits a large inner core of uniform negative perpendicular magnetization. Inside the chiral Néel-type domain wall, spin rotates linearly along the radial direction, shown in Fig. S2 (a). The second type of skyrmion spin textures does not contain a large inner core, but instead the spin rotates continuously across the spin textures in a sinusoidal fashion, shown in Fig. S2 (b) . This is more typical for skyrmions in bulk systems with negligible dipolar interactions. It is however, interesting to realize that the topological charge As pointed out in Part 1 that topological charge can be calculated as:
When the spins at ! → point the +z direction while the spin at ! = 0 points the -z direction, cos ! ! ! = 2, this gives rise to the equivalent negative topological charge of Q = -1 that is independent on the detailed spin profile. Thus, while the governing energetics are different, these two different skyrmion spin textures are topologically equivalent. 
Part 4: Micromagnetic simulation formulism
The dimensionless Landau-Lifshitz-Gilbert (LLG) equation including the spin torque from the spin Hall effect (SHE) can be written as
Effective perpendicular Magnetic Anisotropy K eff = 2.3×10 4 J/m 3 (µ 0 H eff = 70 mT), Saturation Magnetization, ! ! = 6.5×10 5 A/m,
Driving Current Density j = 3×10 9 A/m 2 with the polarization ratio of P = 0.4.
By alternating the sign of electron current direction and sign of topological charge, the following micromagnetic simulation studies have been carried out, shown in Fig S3. These simulation results are consistent with experiment results presented in the Fig. 3 (c) of the main text. The associated differential MOKE movie acquired by applying pulsed currents of amplitude ! ! = 2.8!!×!10 ! !A/cm ! , 50-µs duration, and 1-Hz frequency. The applied 20#μm
